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(54) BLOOD PURIFICATION APPARATUS

(57) A blood purification device allows confirming
whether a specific peak is provided by a means, such as
a ultrafiltration pump, to concentrate the blood or not and
also allows measuring certainly and accurately a blood
re-circulation with reduction of parameters which can pro-
vide a ratio of re-circulating blood. The blood purification
device including blood circuit route 1 composed of arterial
blood circuit route 1a and venous blood circuit route 1b,
blood pump 3, dialyzer 2, water removal pump 8 which
can provide the specific peak in the variation of blood
concentration by removing water rapidly in a short period
of time, and detecting means detecting said specific
peak, can measure the blood re-circulation based on the
specific peak detected by the detecting means. The re-
circulating blood flowing is the blood which was intro-
duced again to arterial blood circuit route 1a after it had
been returned to a patient from venous blood circuit route
1b. The detecting means includes first detecting means
5a installed in arterial blood circuit route 1a and second
detecting means 5b installed in venous blood circuit route
1b.
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Description

INCORPORATION BY REFERENCE

[0001] The present application claims priority under 35
U.S.C. §119 to Japanese Patent Application Nos.
2004-244220 filed on August 24, 2004 and 2005-149861
filed May 23, 2005. The contents of the applications are
incorporated herein by reference in their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates to a blood purifi-
cation device which purifies blood from a patient in ex-
tracorporeal blood circulation.

BACKGROUND OF THE INVENTION

[0003] In general, purification treatment such as dial-
ysis treatment, a blood circuit route consisting of flexible
tubing is used to place the blood of patient in extracor-
poreal circulation. This blood circuit route arrangement
mainly includes an arterial blood circuit route having an
arterial needle at one end to collect blood from the patient
and a venous blood circuit route having a venous needle
at the other end to return the blood to the patient. A dia-
lyzer between the arterial blood circuit route and the ve-
nous blood circuit route purifies the blood circulating ex-
tracorporeally.
[0004] Such a dialyzer includes plural hollow fibers in
the inside of dialyzer. Blood flows in each inside hollow
fiber and dialysis fluid flows outside the hollow fibers (i.e.
between external surface face of the hollow fiber and
inside surface face of the dialysis device case). The hol-
low fiber is a blood purification membrane with small
pores on its surface. Wastes in the blood flowing in the
inside of hollow fiber are discharged into the dialysis fluid
after passing through the blood purification membrane,
and the blood, of which wastes are discharged for puri-
fication, returns to the patient. Also a ultrafiltration pump
installed in the inside of the dialysis device removes water
from patient’s blood while dialyzing the patient.
[0005] When, for instance, the arterial needle and the
venous needle are punctured to the shunt (a connected
part of an artery and a vein by a surgical operation) and
its periphery to circulate the blood extracorporeally, a
blood-recirculation takes place by which the blood puri-
fied and returned to the patient from the venous needle
is collected from the arterial needle without passing
trough patient’s organs. Such blood-recirculation is not
desirable because the purified blood is again extracor-
poreally circulated and, as a result, the volume of extra-
corporeal blood-circulation required to be purified is de-
creased so that purification efficiency is lowered.
[0006] A blood purification device (e. g. JP Patent Pub-
lished 2000-502940) has been disclosed, in which blood-
recirculation could be measured using a specific peak,
as a benchmark, assigned within a variation of concen-

tration of blood extracorporeally circulating by driving a
ultrafiltration pump rapidly in a short period of time. Re-
ferring to the patent published, in the dialysis device dis-
closed, a sensor measuring blood concentration (hemo-
globin concentration) was installed in the arterial blood
circuit route and a recirculation of blood during dialysis
treatment was determined with a specific peak detected
by such as a sensor.

SUMMARY OF THE INVENTION

[0007] The object of the present invention is to provide
a blood purification device for confirming whether a spe-
cific peak has been given by a blood concentration means
or not, and detecting accurately a blood re-circulation by
reducing parameters for calculating the blood-recircula-
tion ratio.
[0008] A conventional blood purification device em-
ploys one sensor installed in the arterial blood circuit
route to detect a blood concentration, and blood-recircu-
lation is measured based on the variation of blood con-
centration, and accordingly when a specific peak is not
provided because of some trouble on the ultrafiltration
pump, a specific peak would not be measured by the
sensor even if blood-recirculation had occurred. There-
fore, a blood purification treatment could not be carried
out efficiently.
[0009] Further, when a blood recirculation ratio of the
blood flowing in the arterial blood circuit route was sought
to be determined, a measured value (variation of blood
concentration), a parameter for flowing blood in a blood
pump, and a parameter of water removed were needed,
and accordingly, error on the ratio would be large. Spe-
cifically, the more the parameters are needed for obtain-
ing a ratio of blood-recirculation, the bigger the effect of
parametric error and the lower the reliability of calcula-
tion.
[0010] An implementation of the present invention pro-
vides a blood purification device including: a blood circuit
route having a arterial blood circuit route and a venous
blood circuit route which circulate extracorporeally the
blood collected from the patient; a blood pump provided
to the arterial blood circuit route of the blood circuit route;
a blood purifier that is connected between the arterial
blood circuit route and the venous blood circuit route, for
purifying the blood flowing in the blood circuit route; a
blood concentration means for providing a specific peak
within the variation of blood concentration by concentrat-
ing the blood rapidly; and a detecting means for detecting
the specific peak provided by the blood concentration
means. The blood purification device is adapted to meas-
ure re-circulating blood, of which the blood is returned to
the patient from the venous blood circuit route and is
introduced again to the arterial blood circuit route, based
on the specific peak measured by the detecting means
including the first detecting means installed in the arterial
blood circuit route and the second detecting means in-
stalled in the venous blood circuit route.
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[0011] An implementation of the present invention also
provides a blood purification device that includes: a cal-
culation means for calculating the proportion of the re-
circulating blood flowing in the arterial blood circuit route
and the venous blood circuit route by comparing the spe-
cific peaks detected by the first detecting means and the
second detecting means.
[0012] Another implementation of the present inven-
tion provides a blood purification device that includes a
hematocrit sensor provided as a first detecting means
and a second detecting means for detecting hematocrit
values of the blood flowing in the arterial blood circuit
route and the venous blood circuit route.
[0013] Another implementation of the present inven-
tion provides a blood purification device that includes the
second detecting means installed around the periphery
of the blood purification means.
[0014] Another implementation of the present inven-
tion is a blood purification device that includes a blood
concentration means which has a water removal means
to remove water from the blood flowing in the blood pu-
rification means. The device measures a blood bench-
mark value based on the blood concentration of the pa-
tient and determines the optimal amount of water which
should be removed based on the blood benchmark by
the water removal means thereby controlling the variation
in the blood concentration.
[0015] Another implementation of the present inven-
tion is a blood purification device including a blood puri-
fication means which has a dialyzer for introducing and
passing out the dialysis fluid through the dialyzing mem-
brane. The blood benchmark value can be obtained from
the hematocrit value of the patient and the venous blood
pressure flowing in the venous blood circuit route or the
dialysis fluid pressure, which is a pressure of the dialysis
fluid pushed out from the dialyzer.
[0016] According to an implementation of the present
invention, a specific peak provided by the blood concen-
tration means can be confirmed and a blood re-circulation
can be accurately measured because of less parameters
needed to obtain the ratio of re-circulation blood. Less
parameters are needed because in addition to the first
detecting means in the arterial blood circuit route the sec-
ond detecting means in the venous blood circuit route is
installed.
[0017] Further according to an implementation of the
present invention, the detection of the re-circulating blood
can be measured more precisely with less error than the
device which obtains the ratio of the re-circulating blood
based on a flowing volume of blood, volume of removed
water and other parameters because the calculation
means calculates the ratio of the re-circulating blood flow-
ing in the arterial blood circuit route by comparing the
specific peaks detected by the first detecting means and
the second detecting means.
[0018] Further according to an implementation of the
present invention, the specific peak can be measured in
better way because the first detecting means and the

second detecting means each have a hematocrit sensor.
[0019] According to the present invention, the specific
peak provided by the water removal means can be meas-
ured earlier and the detection of the re-circulating blood
can be carried out more precisely because the second
detecting means is installed near the blood purification
means.
[0020] Further according to the present invention, the
re-circulation ratio can be measured by the volume of
water removed corresponding to the patient’s blood con-
dition because the variation of the blood concentration
is controlled by determining an optimal volume of water
to be removed by the water removal means based on
the blood benchmark, which is derived based on the pa-
tient’s blood concentration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a schematic diagram of the blood purification
device of the present invention;
Fig. 2 is a schematic diagram of the dialysis device
which is applied to the blood purification device of
the present invention;
Fig. 3 is a graph which shows controlling the ultrafil-
tration pump of the blood purification device when
the water removal is carried out rapidly in a short
period of time;
Fig. 4 is a graph which shows variation of hematocrit
values measured by the second detecting means of
the blood purification device;
Fig. 5 is a graph which shows variation of hematocrit
values measured by the first detecting means of the
blood purification device, when the blood re-circula-
tion occurs; and
Fig. 6 is a block diagram which shows the connection
relationship for the first detecting means, the second
detecting means, the calculation means and the dis-
play means of the blood purification device.

DETAIL DESCRIPTION OF PREFERRED EMBODI-
MENTS

[0022] The embodiments of the present invention are
explained using figures. The blood purification device ac-
cording to the present embodiments is a device to purify
the patient’s blood by extracorporeal circulation and is
applied to a dialysis device which is used for a dialysis
treatment. The dialysis device includes, as shown in Fig.
1, a blood circuit route attached dialyzer 2 as a blood
purifier and dialysis device main body 6 supplying dialysis
fluid to dialyzer 2 and removing water. Blood circuit route
1 includes mainly, as shown the same figure, arterial
blood circuit route 1a and venous blood circuit route 1b,
which are made from flexible tubing, and dialyzer 2 is
installed between arterial blood circuit route 1a and ve-
nous blood circuit route 1b.
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[0023] Arterial needle a is attached to the end of arterial
blood circuit route 1a, and peristaltic pump 3 and first
detecting means 5a are attached in the middle of arterial
blood circuit route 1a. Venous needle b is attached to the
end of venous blood circuit route 1b, and second detect-
ing means 5b and drip chamber 4 to remove bubbles are
attached in the middle of venous blood circuit route 1b.
[0024] When blood pump 3 is driven while arterial nee-
dle a and venous needle b are attached to the patient,
the blood of the patient flows through arterial blood circuit
route 1a and into dialyzer 2 which purifies the blood. The
purified blood returns to the patient through venous blood
circuit route 1b after air bubbles are removed in drip
chamber 4. Thus, the blood of the patient is purified by
dialyzer 2 during extracorporeally circulating through
blood circuit route 1.
[0025] Several ports are located on the case of dialyzer
2; blood inlet port 2a, blood outlet port 2b, dialysis fluid
inlet port 2c and dialysis fluid outlet port 2d. Blood inlet
port 2a and blood outlet port 2b are connected to the end
of arterial blood circuit route 1a and venous blood circuit
route 1b, respectively. Dialysis fluid inlet port 2c and di-
alysis fluid outlet port 2d are connected to dialysis fluid
inlet line L1 and dialysis fluid outlet line L2, respectively.
Lines L1 and L2 extend from dialysis device main body 6.
[0026] The dialyzer includes multiple hollow fibers.
The blood flows inside of the hollow fibers and the dialysis
fluid flows between the outside surface of the hollow fib-
ers and the inside surface of the dialyzer case. The hollow
fibers include many micropores that are located in the
outside and the inside surface of the hollow fiber mem-
brane, and through which waste products in the blood
are dialyzed to the dialysis.
[0027] Further, as shown in Fig. 2, dialysis device main
body 6 includes; duplex pump P that is connected be-
tween dialysis fluid inlet line L1 and dialysis fluid outlet
line L2; bypass line L3 is connected to dialysis fluid inlet
line L2 bypassing duplex pump P; and ultrafiltration pump
8 (blood concentration means) that is connected to by-
pass lines L3. Additionally, one end of dialysis fluid inlet
line L1 is connected to dialyzer 2 (dialysis fluid inlet port
2c) and the other end is connected to dialysis fluid sup-
plier 7 which prepares the dialysis fluid of the predeter-
mined concentration.
[0028] One end of dialysis fluid outlet line L2 is con-
nected to dialyzer 2 at dialysis fluid outlet port 2d. The
other end of dialysis fluid outlet line L2 is connected to
draining means (not shown in Fig.). The dialysis fluid sup-
plied from dialysis fluid supplier 7 passes through dialysis
fluid inlet line L1 to dialyzer 2, dialysis fluid outlet line L2
and bypass line L3, and is let out to the draining means.
In Fig. 2, a heater 9 and a deaeration unit 10 are both
connected to dialysis fluid inlet line L1.
[0029] Ultrafiltration pump 8 to concentrate the blood
removes water from the blood of the patient flowing
through dialyzer 2. When ultrafiltration pump 8 is activat-
ed, the volume of dialysis fluid let out of dialysis fluid
outlet line L2 becomes greater than that of dialysis fluid

introduced from dialysis fluid inlet line L1 because duplex
pump P is quantitative; and water is removed from the
blood by the difference of the inlet and outlet volume.
Instead of ultrafiltration pump 8, other means (e.g. a bal-
ancing chamber) can be used to remove water from the
blood of the patient.
[0030] Ultrafiltration pump 8 as a blood concentration
means according to the present embodiment allows re-
moving water rapidly in a short period of time. Specifical-
ly, the water removal during dialysis at a constant rate is
temporally ceased (nevertheless extracorporeal blood
circulation is continued) and when the hematocrit value
measured becomes stable, ultrafiltration pump 8 is acti-
vated rapidly in a short period of time to remove water.
The specific peak in accordance with a change of blood
concentration (i. e. hematocrit value) during removing
water can be provided. ’Rapidly in a short period of time’
is equivalent to the scale and time which allows recog-
nizing the pulse provided after passing the circuit and
’specific’ is equivalent to a level which allows distinguish-
ing its variation pattern from the pattern due to other fac-
tors due to such as the variation of the pump or the pa-
tient’s movement.
[0031] More specifically, as shown in Fig. 3, the con-
stant rate water removal (regular water removal) is
ceased at time t1, and when the hematocrit being meas-
ured becomes stable at time t2, ultrafiltration pump 8 is
activated at the higher rate than the regular rate until time
t3. The interval between t2 and t3 is subtle. Therefore
the rapider water removal in a less short period of time
than regular water removal can be carried out. For ex-
ample as shown in Fig. 4, the specific peak is provided
in the hematocrit values.
[0032] First detecting means 5a and second detecting
means 5b are attached to arterial blood circuit route 1a
and venous blood circuit route 1b, respectively to meas-
ure the blood concentration, specifically hematocrit val-
ue, in the circuits. First detecting means 5a and second
detecting means 5b include a hematocrit sensor. The
hematocrit sensor contains a photo emitter, such as light
emitting diode (LED) and a photo detector, such as a
photo diode, and measure the hematocrit value that re-
flects the concentration of the patient’s blood by emitting
the light to the blood from the light emitting element and
detecting the light transmitted or reflected at the light de-
tecting element.
[0033] Specifically, the hematocrit value, which re-
flects the blood concentration, is obtained from the elec-
tronic signal output from the photo detector. The hema-
tocrit value can be obtained by quantifying the red blood
cells electronically optically based on the fact that blood
components, such as red blood cells and plasma, have
specific absorption spectra. More specifically, the near-
infrared emitted from the photo emitter, which is ab-
sorbed and scattered when being reflected by the blood,
is received by the photo detector. The light absorption
and scattering coefficient is analyzed based on the in-
tensity of the light measured by the photo detector and

5 6 



EP 1 790 363 A1

5

5

10

15

20

25

30

35

40

45

50

55

thereby used to calculate the hematocrit value.
[0034] According to the above composition, first de-
tecting means 5a detects the hematocrit value of the
blood collected from the patient through arterial needle
a while dialysis treatment because first detecting means
5a is attached to arterial blood circuit route 1a and second
detecting means 5b measures the hematocrit value of
the blood returned to the patient after purified by dialyzer
2 because second detecting means 5b is attached to
venous blood circuit route 1b. Specifically, as shown in
Fig. 4, firstly second detecting means 5b detects the spe-
cific peak provided by ultrafiltration pump 8 and second-
ary when the blood is re-circulated into arterial blood cir-
cuit route 1a, the remained specific peak in the re-circu-
lated blood can be detected by first detecting means 5a
as shown in Fig. 5.
[0035] Accordingly, second detecting means 5b allows
confirming the specific peak provided by ultrafiltration
pump 8 and first detecting means 5a allows detecting the
blood re-circulation. Specifically, the device of the
present embodiment allows detecting the blood re-circu-
lation more certainly and more accurately than other de-
vice, in which a detecting means is attached only to an
arterial blood circuit route, because the device of the
present embodiment allows confirming the specific peak
provided by ultrafiltration pump 8.
[0036] Further, first detecting means 5a and second
detecting means 5b, are electrically connected, as shown
in Fig. 6, to calculation means 11 attached to dialysis
device main body 6. Calculation means 11 is composed
of such as a microcomputer and compares the hematocrit
values (specific peaks) measured by first detecting
means 5a and second detecting means 5b and allows
calculating the ratio of the re-circulating blood flowing in
arterial blood circuit route 1a.
[0037] Specifically, if the blood re-circulation occurs,
the time (t5 in Fig. 4) from the time when ultrafiltration
pump 8 provides the specific peak until the time (t7 in
Fig. 5) when the blood reaches to second detecting
means 5b is predicted. Calculation means 11 compares
the hematocrit value measured by second detecting
means 5b at time t5 after the specific peak was provided
by ultrafiltration pump 8 and the hematocrit value meas-
ured by first detecting means 5a at time t7 after that.
[0038] Thus, as time t5 which allows the blood to reach
to second detecting means 5b and time t7 which allows
the blood after re-circulated to reach to first detecting
means 5a are predicted, the phenomenon of heart-lung-
re-circulation (purified blood only after passing the heart
and lung without passing other tissues and organs is put
out from the patient’s body) and the re-circulation which
should be measured become distinguishable. Further,
instead of the above procedure, it would be acceptable
that calculation means 11 allows detecting that the he-
matocrit values measured by first detecting means 5a
and second detecting means 5b are beyond the prede-
termined value and then hematocrit values beyond the
predetermined value are compared each other.

[0039] Then, variations of hematocrit values of first de-
tecting means 5a and second detecting means 5b are
obtained based on the relationship graph between time
and hematocrit value as shown in Fig. 4 and 5, and the
areas of parts of time (varied parts) which should be com-
pared each other are obtained by mathematical calcula-
tion such as integration method. For example, if the area
of varied part measured by second detecting means 5b
(from t5 to t6 in Fig. 4) is Sv and the area of varied part
measured by first detecting means 5a (from t7 to t8) is
Sa, the ratio of the re-circulation blood (re-circulation ra-
tio) Rrec can be obtained from the following formula: 

[0040] The time of varied part measured by first de-
tecting means 5a (time interval between t7 and t8) is set
as longer than the time of varied time measured by sec-
ond detecting means 5b (time interval between t5 and
t6) because it should be considered that the blood to
which the specific peak is provided is diffused during flow-
ing from second detecting means 5b to first detecting
means 5a. The obtained ratio of the re-circulation blood
is displayed on display means 12 attached to dialysis
device main body. Accordingly a medical worker such as
medical doctor can see the result. If there is no blood re-
circulation, Sa is 0 and the numbed displayed as the ratio
of the re-circulation blood is 0 (%). Accordingly, the med-
ical worker can see even the ratio in addition to occur-
rence of the blood re-circulation and can utilize such in-
formation for further treatment including such as re-punc-
tuation of the needle to suppress the blood re-circulation
and re-formation of the shunt.
[0041] Thus, the present invention allows measuring
the blood re-circulation and more precisely with less error
than other device which obtains the ratio of the blood re-
circulation based on other parameters such as volume
of the flowing blood or volume of the flowing water re-
moved. Specifically, the volume of the flowing blood or
removed water is generally obtained from the driving rate
of the blood pump or the ultrafiltration pump, which may
easily cause an error between the driving rate and the
actual flowing volume. If such parameter is used to cal-
culate the ratio of the blood re-circulation, the error could
be bigger and damages its accuracy. In contrast, the
present embodiment can suppress such error because
it does not employ the flowing volume as a parameter.
[0042] Further, the burden to the patient can be sup-
pressed and the blood re-circulation can be measured
using the existing circuit without change such as an ex-
tracorporeal circuit, because the time to concentrate the
blood and to measure the data is short. Not only an ad-
verse effect, such as extension of dialysis time, during
the treatment, but also a burden, such as physical and
mental burdens, to the patient can be reduced because
the measurement is only once during one dialysis treat-
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ment. Also, contamination and/or infection from the in-
jection port can be prevented because no indicator, such
as a benchmark, is required to be injected, and neither
indicator injection port nor injection means is required
because the addition of the benchmark to measure the
blood recirculation is carried out using existing dialyzer
2. Furthermore, an automatic measurement of the blood
re-circulation also can be carried out, and by which, the
deviation due to the medical worker can be lowered more
than a manual measurement.
[0043] Further, the data measured by first detecting
means 5a and second detecting means 5b can be com-
pared without removing the water by using both meas-
urement means and the correction can be automatically
carried out. In addition, the water removal property of
dialyzer 2 can be monitored because first detecting
means 5a and second detecting means 5b are attached
to the inlet and the outlet of dialyzer 2, respectively.
[0044] The specific peak provided by ultrafiltration
pump 8 appears obviously as a variation of the hematocrit
value. Therefore, if first detecting means 5a and second
detecting means 5b are composed of a hematocrit sensor
in accordance with the present embodiment, the detec-
tion of the instant specific peak can be carried out well
and the measurement of the blood re-circulation can be
carried out more precisely. Thus, the specific peak pro-
vided by ultrafiltration pump 8 can be measured much
earlier because second detecting means 5b according
to the present embodiment, as shown in Fig. 1, is at-
tached nearby to dialyzer 2, so that the measurement of
the blood re-circulation can be precisely carried out with-
out an adverse effect due to a blood diffusion.
[0045] It is preferred that the optimal removal volume
of water, including an optimal water removing rate; by
ultrafiltration pump 8, which is a water removal means
as a blood concentration means; is determined based on
the blood benchmark obtained from the blood concen-
tration of the patient, and then the variation of the blood
concentration to measure the blood re-circulation is con-
trolled. Specifically, when the specific peak in accord-
ance with variation of the blood concentration is provided
by concentrating the blood rapidly in a short period of
time with ultrafiltration pump 8 to measure the blood re-
circulation, the blood concentration, hematocrit value,
may be overly increased, especially in the late stage of
dialysis treatment. In order to prevent such adverse
event, the optimal removal volume of the water, a removal
volume of the water in accordance with the blood condi-
tion of the patient to prevent excessive increase of the
blood concentration, is determined from the blood bench-
mark obtained based on the blood concentration of the
patient who is taking the dialysis treatment, and then ul-
trafiltration pump 8 is activated to control the variation of
the blood concentration when the blood concentration is
carried out rapidly in a short period of time. Accordingly,
the measure of the blood re-circulation can be carried
out at will and at any time during the dialysis treatment.
[0046] The blood concentration, such as hematocrit

value or hemoglobin concentration, of the patient; the
venous blood pressure of the blood flowing in venous
blood circuit route 1b, e. g. venous blood pressure ob-
tained from air pressure of drip chamber 4; or the dialysis
pressure of the dialysis fluid output from dialyzer 2, i. e.
the liquid pressure of the dialysis fluid right after dialyzer
2 in dialysis fluid output line L2, can be employed as the
blood benchmark of the patient.
[0047] Thus, the pressure difference between the
blood passage and the dialysis fluid passage in dialyzer
2, the pressure difference between membranes which
are hollow fiber membranes, i.e. dialysis membranes, is
obtained from the difference of venous blood pressure
and dialysis fluid pressure, which is considered as the
blood benchmark that is the data to determined the op-
timal removal volume of the water which is the removal
volume of the water in accordance with the patient’s con-
dition. In other word, the pressure difference between
the above membranes varies depending on the blood
concentration of the patient, flowing extracorporeally,
and there it is the blood benchmark based on the blood
concentration.
[0048] Specifically, if the measured blood concentra-
tion, including a blood concentration obtained from the
pressure difference between membranes, of the patient
is high, the variation of the blood concentration is set as
small when the blood concentration is carried out rapidly
in a short period of time, and if the measured blood con-
centration, including the same, is low, the activation of
ultrafiltration pump 8 is controlled to increase the varia-
tion of the blood concentration and accordingly an ex-
cessive increase of the blood concentration of the patient
can be prevented.
[0049] The present invention is not limited to the
present embodiments. For example, if a means, e.g. a
sensor measuring the hemoglobin concentration or a
sensor measuring protein concentration, besides a he-
matocrit sensor, which can measure the specific peak
provided with rapid water removal in a short period of
time, can be employed as the first detecting means and
the second detecting means. Further, the first detecting
means and the second detecting means can be attached
to any place of the arterial blood circuit route and the
venous blood circuit route, respectively.
[0050] Further according to the present embodiment,
although the ultrafiltration pump which can remove water
rapidly in a short period of time is employed to provide a
specific peak as a blood concentration means, any other
means than the ultrafiltration pump capable to concen-
trate the blood can be employed. Further, according to
the present embodiment, although the calculation means
calculates the ratio of blood re-circulation (re-circulation
rate), second detecting means 5b only confirms the spe-
cific peak provided or not and first detecting means 5a
only measures the blood re-circulation so that the calcu-
lation means is not mandatory. Further, when the ratio
of the blood re-circulation is out of the predetermined
value range, an alert can be used to send a notice to a
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medical worker. Further, according to the present em-
bodiment, dialysis device main body 6 is a dialysis mon-
itoring device having no inside dialysis fluid supplier, but
the present invention can be applied to a personal dialysis
device including a inside dialysis fluid supplier.
[0051] Accordingly, a blood purification device having
the first detecting means in the arterial blood circuit route
and the second detecting means in the venous blood
circuit route by which a specific peak provided by a blood
concentration means can be detected can be applied to
other medical device, such as a blood filtration treatment
and a blood filtration-dialysis treatment, which is em-
ployed to circulates extracorporeally the blood and purify
the blood for the medical treatment, or to a device having
other function.

Claims

1. A blood purification device comprising:

a blood circuit route having an arterial blood cir-
cuit route and a venous blood circuit route to
circulate extracorporeally the blood collected
from a patient;
a blood pump provided in said arterial blood cir-
cuit route;
a blood purification means connected between
said arterial blood circuit route and said venous
blood circuit route, and purifies the blood flowing
in said blood circuit route.
a blood concentration means to provide a spe-
cific peak in blood concentration by concentrat-
ing the blood;
a detecting means to detect the specific peak
provided by said blood concentration means;
said purification device adapted to detect re-cir-
culated blood flowing in said arterial blood circuit
route, the re-circulated blood being blood that
was returned to the patient from said venous
blood circuit route but again directed to the ar-
terial blood circuit route, based on the specific
peak measured by said detecting means;
wherein said detecting means comprises the
first detecting means provided to said arterial
blood circuit route and the second detecting
means provided to said venous blood circuit
route.

2. A blood purification device of claim 1 comprising:

a calculation means for calculating a proportion
of the re-circulated blood within the blood flowing
in said arterial blood circuit route by comparing
specific peaks detected by said first detecting
means and said second detecting means.

3. A blood purification device of claim 1 comprising:

said first detecting means and said second de-
tecting means comprising a hematocrit sensor
for measuring hematocrit values of the blood
flowing in said arterial blood circuit route and
said venous blood circuit route.

4. A blood purification device of claim 1 comprising;
said second detecting means disposed nearby to
said blood purification means.

5. A blood purification device of claim 1 comprising:

said blood concentration means comprising a
water removal means for removing water from
the blood flowing in said blood purification
means,
said purification device being adapted to meas-
ure a blood benchmark based on the blood con-
centration of the patient and to control the vari-
ation of the blood concentration by determining
an optimal removal volume of water by said wa-
ter removal means based on said blood concen-
tration benchmark.

6. A blood purification device of claim 5 comprising:

said blood purification means comprising a di-
alysis device for inputting and outputting dialysis
fluid through a dialysis membrane;
said blood benchmark is a blood hematocrit val-
ue and derived from the venous blood pressure
which is the blood pressure in said venous blood
circuit route, or the dialysis fluid pressure which
is the pressure of the dialysis fluid output from
said dialyzer.
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